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CANISTER FOR PRODUCING TMA TRAILS I N  
THE UPPER ATMOSPHERE 

By A .  Corman and N. Guarino 
GCA Corpora t ion  

A trimethylaluminum (TMA) payload c a n i s t e r ,  which i s  s u i t a b l e  f o r  
i n s t a l l a t i o n  on t h e  Nike Cajun o r  Apache rocket  v e h i c l e s ,  was designed,  
b u i l t ,  and f l i g h t  t e s t e d  w i t h i n  a ten-week per iod .  The f i r s t  t e s t  f l i g h t ,  
Nike Apache 14.145 launched from Wallops I s l a n d ,  V i r g i n i a  on 7 October 1964, 
was completely s u c c e s s f u l .  Release o f  t h e  TMA was i n i t i a t e d  as programmed 
a t  251  seconds a f t e r  l i f t - o f f  and a v i s i b l e  t r a i l  was generated.  
t h e  TMA module i s  in te rchangeable  wi th  t h e  GCA Corpora t ion ' s  sodium 
v a p o r i z e r  e i t h e r  chemical can be flown w i t h  t h e  Langmuir probe. 

S ince  

Major d i f f i c u l t i e s  encountered dur ing  t h e  development program con- 
cerned payload s a f e t y ,  handl ing ,  and s h i p p i n g  of t h e  TMA c a n i s t e r .  The 
m a t e r i a l  i s  c l a s s i f i e d  a s  "Red Label Shipment" by t h e  I n t e r s t a t e  Commerce 
Commission ( I C C )  and must be t ranspor ted  i n  I C C  approved c o n t a i n e r s .  I C C  
permit  No. BA-464 was received f o r  t h e  approved c o n t a i n e r .  S a f e t y  and 
h a n d l i n g  procedures  were s p e c i f i e d  f o r  personnel  who would s e r v i c e  t h e  
payload. 

The c a n i s t e r  d e s i g n  c o n s i s t s  b a s i c a l l y  o f  a seamless t e f l o n  b ladder  
which c o n t a i n s  t h e  TMA, a p r e s s u r i z i n g  source  and e x p l o s i v e l y  a c t u a t e d  
v a l v e  wi th  a f low-cont ro l  o r i f i c e ,  a programmer, and a n  e x t e r n a l  s h e l l .  
Primary d e s i g n  f e a t u r e s  a r e :  

(1) High-expulsion e f f i c i e n c y :  99% of t h e  s t o r e d  l i q u i d  i s  expel led  

(2) Independence of v e h i c l e  motions: the method of  expuls ion ,  t h a t  
by t h e  bladder .  

i s  squeezing t h e  b ladder  by means of a c o n s t a n t  p r e s s u r e ,  forms a s o l i d  
j e t  which i s  no t  a f f e c t e d  by v e h i c l e  motions. For example, a uniform j e t  
would be obtained even i f  t h e  v e h i c l e  were tumbling. 

(3) Safe  handl ing  and s t o r a g e :  t h e  use of t e f l o n  f o r  the b ladder  
m a t e r i a l  permi ts  a long s t o r a g e  l i f e .  Redundant s e a l s  a r e  used;  t h e  bladder 
s e r v e s  as t h e  primary s e a l  and "0"-rings s e a l  t h e  e x t e r n a l  meta l  shell .  

( 4 )  Safe  and r e l i a b l e  f i l l i n g  methods: t h e  c a n i s t e r  i s  f i l l e d  i n  
accordance w i t h  approved f i l l i n g  procedures  a t  t h e  Chemical p l a n t  (Texas 
A l k y l s ,  Pasadena, Texas). 
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INTRODUCTION 

The development of a r o c k e t  payload module, which w i l l  r e l e a s e  a t r a i l  of 
TMA* i n  t h e  upper atmosphere f o r  measurement of winds, i s  d e s c r i b e d  i n  t h i s  
Technical  Report ,  Chemical r e a c t i o n s ,  which occur  above 80 km, between t h e  
TMA and t h e  ambient atmosphere c r e a t e  a chemiluminescent c loud  which forms a 
t r a i l  owing t o  t h e  rocke t  motion. 
observer  t o  determine wind p a t t e r n s .  
a Langmuir probe which measures e l e c t r o n  d e n s i t y .  

Ground o b s e r v a t i o n s  of t h e  t r a i l  enable  t h e  
The TMA module was designed t o  f l y  wi th  

The chemical d i spenser  i s  t h e  f i r s t  of i t s  k ind  t o  have been mated w i t h  
an instrumented payload f o r  t h e  s c i e n t i f i c  purpose of c o r r e l a t i n g  wind p a t -  
t e r n s  and e l e c t r o n  d e n s i t y .  Combining t h e  chemical instrumented payload mod- 
u l e s  was suggested by Mr. Maurice Dubin of t h e  Nat ional  Aeronaut ics  and Space 
Adminis t ra t ion .  

F igure  1 shows t h e  combined e l e c t r o n  d e n s i t y  TMA module payload,  p a r t i a l l y  
disassembled;  t he  i n s t r u m e n t a t i o n  rack  which programs t h e  TMA r e l e a s e  i s  shown. 
F igure  2 shows the  assembled payload t h a t  was s u c c e s s f u l l y  flown. 

HISTORY OF DEVELOPMENT 

Background Information 

Previous rocket-borne TMA payloads have been designed and b u i l t  by A i r  
Force Cambridge Research Labora tor ies  and Sandia.  
were a s s e s s e d  with t h e  i n t e n t  of forming a sound b a s i s  f o r  t h e  p r e s e n t  de- 
s i g n .  
a t i o n ,  h igh  e f f i c i e n c y ,  and s a f e  handl ing .  
GCA Corporat ion des ign  would employ a d i f f e r e n t  d e s i g n  approach which would 
s a t i s f y  a number of requirements .  

Their  d e s i g n  approaches 

Nei ther  design appeared t o  s a t i s f y  t h e  requirements  of r e l i a b l e  oper-  
It was decided t h e r e f o r e  t h a t  the 

Design Requirements 

The chemical d i spenser  was t o  be  combined w i t h  a Langmuir probe payload 
i n  o r d e r  t o  c o r r e l a t e  winds and e l e c t r o n  d e n s i t y .  
r e l e a s e  on t h e  o p e r a t i o n  of t h e  probe were n o t  known, Mr. Dubin of NASA (pro- 
gram d i r e c t o r )  suggested t h a t  t h e  e l e c t r o n  probe f u n c t i o n  up t o  apogee a t  
which t i m e  t h e  TMA would be  expel led .  
on a s c e n t  and winds on descent .  Based on t h e  Nike Apache t r a j e c t o r y ,  i t  was 
determined t h a t  a minimum t r a i l  r e l e a s e  t i m e  of 90 seconds would be  r e q u i r e d .  

S ince  t h e  e f f e c t s  of  TMA 

Thus e l e c t r o n  d e n s i t y  would be  obta ined  

A mixture  of 75% TMA and 25% TEA ( t r ie thylaluminum) i s  used. 
a s  an a n t i - f r e e z e .  

The TEA s e r v e s  * 
Chemical d a t a  i s  g iven  i n  t h e  appendix. 
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Figure 1. Combined electron density - TMA. Module Partially 

disassembled. 
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Figure 2. Combined payload, assembled. 
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Design requirements  f o r  t he  TMA payload module were a s  fo l lows:  (1) pro- 

duce a t r a i l  having 90 seconds minimum d u r a t i o n ;  (2) c a n i s t e r  m u s t  be e l e c t r i c -  
a l l y  and mechanical ly  interchangeable  wi th  the  e x i s t i n g  sodium c a n i s t e r ;  ( 3 )  
c a n i s t e r  must c o n t a i n  a maximum quan t i ty  of TMA i n  a volume about  t h e  same a s  
t h e  e x i s t i n g  sodium c a n i s t e r ;  (4) c a n i s t e r  must be I C C  approved t o  a l low load-  
ing  a t  t he  chemical p l a n t  and shipment v i a  common c a r r i e r  t o  launch s i t e ;  
(5) expu l s ion  c h a r a c t e r i s t i c s  must be independent of v e h i c l e  dynamics; (6) de- 
s i g n  must use s t anda rd  components owing t o  the  s h o r t  t i m e  a v a i l a b l e ;  and 
(7)  t h e  c a n i s t e r  must be s a f e  t o  handle and have maximum s t o r a g e  l i f e .  

Development Schedule 

The s h o r t  t i m e  a v a i l a b l e  t o  develop t h e  TMA c a n i s t e r ,  i n  o rde r  t o  meet 
p rev ious ly  scheduled launch d a t e s ,  meant t h a t  d e l i v e r y  d a t e s  of m a t e r i a l s  and 
components would p lay  an important  p a r t  i n  t h e  des ign  c o n s i d e r a t i o n s .  A launch 
d a t e  of 30 September 1964 was s p e c i f i e d  f o r  f l i g h t  of t h e  f i r s t  payload. There 
was n o t  s u f f i c i e n t  time f o r  the  usual  development c y c l e  of "design - b u i l d  - 
t es t  -modi fy  - f l y " ;  t he  f i r s t  approved paper des ign  was f a b r i c a t e d  and f l i g h t  
t e s t e d .  

The development schedule  which was programmed a t  t he  s t a r t  i s  shown i n  
F igu re  3 .  A p r o j e c t  team, which cons i s t ed  of a p r o j e c t  engineer ,  two des ign  
eng inee r s ,  and two t e c h n i c i a n s ,  was formed and devoted f u l l - t i m e  t o  t h i s  t a sk .  
A h igh  p r i o r i t y  was ass igned  t o  the  p r o j e c t  wi th  work t o  proceed on a "non- 
i n t e r r u p t i o n "  b a s i s .  

Cont inual  l i a i s o n  was maintained wi th  the  ICC,  Texas Alkyls  (chemical 
manufac ture) ,  and vendors supplying long-lead t i m e  i t e m s .  Personal  conferences 
were h e l d  wi th  I C C  o f f i c i a l s  i n  New York C i t y ,  and t h e  module des ign  was tho r -  
oughly reviewed. Seve ra l  des ign  changes recommended by the  I C C  f o r  s a f e t y  pur- 
poses were incorpora ted .  Approval from t h e  I C C  was rece ived  on 18 August 1964 
a f t e r  which time t h e  manufacturing drawings were r e l e a s e d  f o r  f a b r i c a t i o n .  

The f i r s t  u n i t  was assembled on 4 September 1964. Expulsion tes ts  were 
run ,  under room c o n d i t i o n s ,  t o  determine o r i f i c e  s i z e  f o r  t he  d e s i r e d  flow 
time. Based on 25 p s i  b ladder  p re s su re ,  an  o r i f i c e  s i z e  of 0.059 i n .  was 
chosen which r e s u l t e d  i n  150 seconds of flow. 

Assembly procedures  f o r  t he  c a n i s t e r  were i n v e s t i g a t e d .  Owing t o  t h e  i n -  
t e r f e r e n c e  f i t  of t h e  t e f l o n  bladder i n  t h e  s h e l l ,  extreme c a r e  was necessary  
f o r  i t s  i n s e r t i o n .  I n  one in s t ance ,  p re s su re  checks i n d i c a t e d  a ruptured  b lad-  
de r .  Disassembly showed t h a t  t h e  bladder  was pinched and severed  i n  one a rea .  
The assembly procedure was reviewed and t h e  b ladder  was i n s e r t e d  i n  a co l l apsed  
c o n d i t i o n  with t h e  bottom end cap (payload a d a p t e r )  removed. This allowed ob- 
s e r v a t i o n  of t h e  b ladder  

Another development 
i s te r  was t h e  s e a l i n g  of 

c l e a r i n g  the  i n t e r n a l  diameter  of t h e  s h e l l .  

problem which a r o s e  du r ing  bench t e s t i n g  of t h e  can- 
the  bladder f l a n g e  between t h e  upper b ladder  suppor t  

5 
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and v a l v e  housing. It was found t h a t  s l i g h t  v a r i a t i o n s  i n  t h e  t h i c k n e s s  of 
t h e  f l a n g e  caused unequal compression a s  t h e  f l a n g e  was sandwiched between t h e  
two metal  p a r t s .  This  problem was so lved  by machining a small  c i r c u l a r  r i d g e  
on t h e  va lve  housing which t i g h t l y  compresses t h e  f l a n g e  along a c i r c l e  which 
i s  c o n c e n t r i c  wi th  t h e  b o l t  c i r c l e  i n  t h e  f l a n g e .  
no f u r t h e r  s e a l i n g  problems were experienced and no f u r t h e r  development prob- 
l e m s  were encountered. 

P r e s s u r e  tes ts  were run  and 

Descr ip t ion  of Module 

The TMA module c o n s i s t s  of a f l e x i b l e  e x p u l s i o n  b l a d d e r ,  v a l v e  assembly, 
p r e s s u r e  v e s s e l ,  c a n i s t e r  she l l ,  and s e a l s .  F i g u r e  4 shows t h e  g e n e r a l  con- 
f i g u r a t i o n  of t h e  module, and Figure 5 i s  t h e  assembly drawing. 

Approximately 6 pounds (3.5 l i ters) of TMA i s  conta ined  i n  t h e  t e f l o n  
b l a d d e r .  Since i t  i s  completely supported by t h e  metal  s h e l l  t h e  s t r a i n s  on 
t h e  b ladder  dur ing  powered f l i g h t  are e l i m i n a t e d .  Dry n i t r o g e n ,  r e g u l a t e d  t o  
25 p s i ,  i s  introduced between t h e  bladder  and s h e l l .  The pressure  causes  t h e  
b l a d d e r  t o  c o l l a p s e  and expel  t h e  chemical o u t  of  t h e  module c a n i s t e r  through 
a n  o r i f i c e .  For a given p r e s s u r e  the o r i f i c e  s i z e  determines t h e  f low r a t e  of 
the chemical.  Since t h e  p r e s s u r i z i n g  gas  i s  n o t  i n  d i r e c t  c o n t a c t  wi th  t h e  
chemical l i q u i d ,  t h e  gas  cannot form bubbles  i n  t h e  e x p e l l a n t  and escape 
through t h e  o r i f i c e .  Hence, use of the b l a d d e r  a s s u r e s  a continuous s o l i d  
s t r e a m  which i s  independent of v e h i c l e  s p i n ,  coning, and a t t i t u d e .  

An O-ring s e a l  a t  each end of  t h e  c a n i s t e r  s e a l s  t h e  e x t e r i o r  of t h e  
b l a d d e r .  These s e a l s  s e r v e  two purposes,  f i r s t  they  s e a l  t h e  space between 
t h e  b ladder  and t h e  s h e l l  which allows p r e s s u r i z a t i o n  and second t o  prevent  
leakage from t h e  c a n i s t e r  i f  a leak should develop i n  t h e  t e f l o n  b ladder  w a l l .  
These s e a l s  a r e  made of VITON A which has  good r e s i s t a n c e  t o  a t t a c k  by TMA. 
Kel-F elastomer s e a l s  a r e  s l i g h t l y  s u p e r i o r  t o  V I T O N  A wi th  r e s p e c t  t o  cor ro-  
s i o n  r e s i s t a n c e ,  however, these  sea ls  could n o t  be obta ined  i n  t i m e  f o r  t h e  
f i r s t  t e s t  f l i g h t .  D e t a i l s  of  t h e  b a s i c  components a r e  d iscussed  i n  t h e  f o l -  
lowing paragraphs.  

Expulsion b ladder .  - The s p e c i f i c a t i o n s  of t h e  t e f l o n  b ladder ,  F igures  6 
and 7 ,  a r e  based on t h e  b ladder  manufacturers proven des ign  wi th  an e s t a b l i s h e d  
r e l i a b i l i t y  of 0.99999 f o r  a t  l e a s t  50 c y c l e s  of f i l l i n g  and complete expuls ion  
by c o l l a p s i n g  wi th  e x t e r n a l  gas pressure.  To a s s u r e  h igh  r e l i a b i l i t y  i t  i s  
necessary  t o  mount t h e  b l a d d e r  s o  t h a t  t h e  t e f l o n  i s  n o t  s u b j e c t e d  t o  any t en -  
s i l e  f o r c e s  which would s t r e t c h  i t  and cause  l e a k s .  This r e q u i r e s  c a r e f u l  con- 
s i d e r a t i o n  of a l l  i n t e r n a l  dimensions and t o l e r a n c e s  of t h e  suppor t ing  s h e l l  
and end p i e c e s .  Dimensions and to le rances  were s e l e c t e d  t o  ensure t h a t  t h e  
s h e l l  would b e  s l i g h t l y  smal le r  i n  a l l  d i r e c t i o n s  than  t h e  bladder  by .010 i n .  
t o  .030 i n .  The mouth of t h e  bladder i s  s e a l e d  when t h e  t e f l o n  f l a n g e  i s  sand- 
wiched between t h e  upper b ladder  support  which is  shown i n  Figure 7 and t h e  
v a l v e  housing. These p i e c e s  a r e  fas tened  by s i x  Absco No. AB1533-f-7 s e l f -  
s e a l i n g  screws. 
r i n g s  which b i t e  i n t o  t h e  t e f l o n  bladder  f l a n g e  and a s s u r e  a leakproof s e a l  
when t h e  s e l f - s e a l i n g  screws a r e  made t i g h t .  

The s e a l i n g  sur face  of t h e  v a l v e  housing has  r a i s e d  c o n c e n t r i c  

7 
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Figure 4. TMA payload module f o r  Nike CajudApache. 
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Valve assembly. 
shown i n  F igure  8 ,  a 
l e a s e .  The loading  

- Three va lves ,  mounted t o  t h e  va lve  housing which i s  
.re f o r  chemical l oad ing ,  p r e s s u r i z a t i o n ,  and chemical r e -  
va lve ,  a b r a s s  l e c t u r e  b o t t l e  va lve  with t e f l o n  s e a l s ,  i s  

mounted on top  of t h e  v e r t i c a l  p ro j ec t ing  s e c t i o n  of the  va lve  housing and pro- 
v ides  a pa th  d i r e c t l y  i n t o  the  bladder f o r  chemical loading .  
t h i s  same pa th  i s  the  exp los ive ly  opened r e l e a s e  va lve .  This va lve  i s  supp l i ed  
by t h e  Conax Corporat ion and has  demonstrated h igh  r e l i a b i l i t y  i n  s i m i l a r  ap- 
p l i c a t i o n s .  The va lve  i s  a c t i v a t e d  when an e l e c t r i c  c u r r e n t  i s  passed through 
a br idgewire  which f i r e s  a contained exp los ive  charge.  The explos ive  f o r c e  
d r i v e s  a p i s t o n  forward shear ing  a metal  cap i n  t h e  va lve  body and opening the  
va lve .  S ince  t h e  metal  cap i s  machined i n t e g r a l  with t h e  va lve  body, t he  va lve  
i s  a b s o l u t e l y  leak  proof u n t i l  sheared. These va lves  a r e  f a c t o r y  proof t e s t e d  
a t  7500 p s i  and have a b u r s t i n g  s t r e n g t h  of 10,000 p s i .  The maximum o p e r a t i n g  
p res su re  i s  5000 p s i .  The opera t ing  t ime of t h i s  va lve  a t  t he  recommended 
f i r i n g  c u r r e n t  of 2 A i s  2 msec. Since the  f low c o n t r o l  o r i f i c e  screws i n t o  
the  va lve  o u t l e t  from o u t s i d e  the  s h e l l ,  o r i f i c e  changes can be made on the  
loaded c a n i s t e r  when a t t ached  to  the veh ic l e .  A p r e s s u r i z i n g  va lve  i s  mounted 
t o  one s i d e  of t he  va lve  housing and s e a l s  t h e  path l ead ing  t o  the  a rea  between 
t h e  b ladder  and the  o u t e r  s h e l l .  The gas  p re s su re  f o r  e x p e l l i n g  t h e  con ten t s  
of t h e  b ladder  i s  in t roduced  through t h i s  va lve .  The loading  and p r e s s u r i z i n g  
va lves  (Superior No. 1277x1 l e c t u r e  b o t t l e  v a l v e s )  a r e  hollow stem needle  
va lves  wi th  a female p ipe  thread  s o  t h a t  e x t e r n a l  plumbing can be connected a t  
t he  top  of t h e  s t e m .  The conf igu ra t ion  i s  convenient  f o r  t h i s  a p p l i c a t i o n  
where access  t o  the  va lves  f o r  e x t e r n a l  connect ions and ope ra t ion  must be made 
i n  l i m i t e d  space from the  top a s  shown i n  F igure  9. 

Connected i n t o  

P r e s s u r i z a t i o n .  - The Conax Eager-Pak shown i n  F igure  8 i s  equipped with 
a Conax 25 p s i  p re s su re - r egu la to r  which provides  the  expuls ion  f o r c e .  The 
Eager-Pak i s  a commercial component c o n s i s t i n g  of a 4.6 cu i n .  p re s su re  v e s s e l ,  
con ta in ing  about  450 cu i n .  STP n i t rogen  a t  1500 p s i ;  t h e  v e s s e l  i s  f i t t e d  with 
an exp los ive  ac tua ted  va lve .  The quan t i ty  of gas  when emptied i n t o  t h e  can- 
i s ter  w i l l  r e s u l t  i n  a te rmina l  pressure  of about  25 p s i  when the  b ladder  i s  
f u l l y  co l l apsed .  The Eager-Pak assembly i s  mounted t o  t h e  inner  w a l l  of t h e  
upper p o r i i o n  of t h e  c a n i s t e r  s h e l l  above the  va lve  housing. A rubber  p r e s -  
s u r e  hose connects  t h e  p re s su re  r egu la to r  on t h e  Eager-Pak t o  the  p r e s s u r i z i n g  
va lve  . 

Cani s t e r  S h e l l .  - The c a n i s t e r  s h e l l ,  6061-T6 aluminum, i s  6-5/8 i n .  i n  
diameter  and 1 /4  i n .  t h i ck .  The bottom cap provides  the  coupl ing thread  f o r  
a t t a c h i n g  the  c a n i s t e r  t o  t h e  vehic1,e headcap. 

The upper p a r t  of t h e  s h e l l  i s  extended t o  p r o t e c t  t he  va lves  and p res su re  
The upper end i s  machined t o  accep t  t h e  s t anda rd  programmer and power tank .  

supply  p r e s e n t l y  used f o r  t he  sodium vapor izer  c a n i s t e r s  suppl ied  t o  NASA. 

Tes t ing  

Pre l iminary  expuls ion  tests were conducted us ing  a b ladder  i n s t a l l e d  i n  
a t r a n s p a r e n t  p l a s t i c  s h e l l ;  thus  obse rva t ion  of t h e  e n t i r e  expuls ion  process  
and t h e  phys ica l  behavior  of the  bladder under dynamic cond i t ions  was p o s s i b l e .  
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Figure 9. TMA canister - top view. 
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The b ladde r  was f i l l e d  wi th  water  and compressed a i r  supp l i ed  t h e  expul-  
s i o n  f o r c e .  The system was cyc led  20 times. The b ladder  wi ths tood  t h e  re- 
pea ted  c rush ing  and reforming wi thout  developing any l eaks .  
t h e  b l adde r  during the  va r ious  s t a g e s  of expuls ion .  
de r  du r ing  the  var ious  s t a g e s  of f i l l i n g .  

F igure  10 shows 
Figure  11 shows the  b lad-  

A l l  f l i g h t  b ladders  were l eak  t e s t e d  a t  5 p s i  when r ece ived  from t h e  manu- 
f a c t u r e r  be fo re  they were i n s t a l l e d  i n  the  c a n i s t e r s .  

A 100-psi  bubble- leak tes t  of t he  f u l l y  assembled c a n i s t e r s  checked the  
O-ring and bladder  f l a n g e  s e a l s .  This i s  double t h e  p r e s s u r e  r equ i r ed  t o  meet 
t h e  I C C  requirements  f o r  a con ta ine r  normally o p e r a t i n g  a t  25 p s i .  The tes t  
s e t - u p  i s  shown i n  F igure  12,  and i s  conducted a s  fo l lows:  

With c a n i s t e r  immersed i n  water 
(1) 
(2) Close valves  1 and 2.  
(3) Adjust  n i t r o g e n  r e g u l a t o r  t o  10 p s i .  
( 4 )  Open valve 2 p r e s s u r i z i n g  b ladder  t o  10 p s i .  
(5) 
(6) Close valve 1. 
(7) Increase  n i t r o g e n  r e g u l a t o r  ou tput  another  10 psi.. 
(8) Open valve 1 t o  e q u a l i z e  p re s su res .  
(9) Close va lve  1. 

Open pressure  and loading  va lves .  

Open valve 1 e q u a l i z i n g  p res su re  on both s i d e s  of b l adde r .  

(10) Repeat s t e p s  7 ,  8 ,  and 9 u n t i l  100 p s i  i s  reached.  

A l l  s e a l s  and screw heads a r e  observed f o r  bubbl ing a f t e r  each p res su re  
r i s e .  When the  maximum pres su re  of 100 p s i  i s  reached,  t he  c a n i s t e r  i s  ob- 
served  f o r  a t  l e a s t  15 minutes  f o r  any s i g n s  of leakage.  This  procedure e f -  
f e c t i v e l y  t e s t s  a l l  e x t e r n a l  c a n i s t e r  and va lve  mounting s e a l s  and ensures  
t h a t  no p r e s s u r i z i n g  gas w i l l  be l o s t  r e s u l t i n g  i n  incomplete  expuls ion  when 
us ing  t h e  l i m i t e d  gas  volume a v a i l a b l e  i n  f l i g h t .  The reason  f o r  r a i s i n g  t h e  
p re s su re  i n  10-psi  increments  and e q u a l i z i n g  t h e  p r e s s u r e  o u t s i d e  the  b ladder  
i s  t o  prevent  damage t o  t h e  b ladder  from unnecessary wr ink l ing  o r  s t r e t c h i n g  
of t h e  t e f l o n .  In normal o p e r a t i o n ,  t he  maximum p r e s s u r e  d i f f e r e n t i a l  a c r o s s  
t h e  b l adde r  w i l l  not exceed 4 t o  5 p s i .  

A f u r t h e r  t e s t ,  no t  i l l u s t r a t e d ,  i s  t o  check f o r  leakage  between t h e  b l ad -  
de r  and the  c a n i s t e r  s h e l l .  This i s  done by p r e s s u r i z i n g  t h e  b ladder  i n  t h e  
assembled u n i t  t o  15 p s i  through t h e  loading  va lve .  
t h e  p re s su re  va lve  wi th  t h e  open end immersed i n  water  and observed f o r  bubbl ing.  
Bubbles would i n d i c a t e  leakage a t  t he  b ladder  f l a n g e  o r  through a h o l e  i n  t h e  
b l adde r  w a l l .  A l eak  of t h i s  n a t u r e  would not  be  appa ren t  o u t s i d e  t h e  c a n i s t e r  
because the  o u t e r  s e a l s  would s a f e l y  c o n t a i n  t h e  TMA. It cou ld ,  however, i n -  
t e r f e r e  wi th  the  expuls ion  process  by a l lowing  t h e  p r e s s u r i z i n g  gas  t o  mix wi th  
t h e  TMA and be l o s t .  The r e s u l t  would be incomplete  expu l s ion  and i r r e g u l a r  
flow. 

A hose  i s  connected t o  

Expuls ion times vs o r i f i c e  diameter  a t  d i f f e r e n t  p r e s s u r e s  were determined 
by use of t h e  s e t - u p  shown i n  F igure  13. The c a n i s t e r  was f i l l e d  wi th  3.5 l i t e r s  
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Figure 10. Bladde r  expulsion. 
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Figure 12. TI’4A canister pressure test set-up. 
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Figure 13. TMA canister flow rate calibration set-up. 
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of  dry  kerosene which i s  s i m i l a r  t o  TMA i n  s p e c i f i c  g r a v i t y  and v i s c o s i t y .  
Two methods were used t o  p r e s s u r i z e  t h e  c a n i s t e r .  The f i r s t  used a c o n s t a n t  
p r e s s u r e  throughout t h e  expuls ion  cyc le .  The second method s imula ted  t h e  ac-  
t u a l  f l i g h t  c o n d i t i o n s  us ing  a pressure  v e s s e l  having t h e  same volume and 
f i l l i n g  i t  t o  t h e  same p r e s s u r e  a s  t h e  Eager-Pak u n i t s  used i n  f l i g h t s .  The 
c o n t e n t s  of t h i s  vessel were expel led  i n t o  t h e  c a n i s t e r  through t h e  Conax 
f l i g h t  r e g u l a t o r .  The kerosene was e x p e l l e d  i n t o  a tank and t h e  expuls ion  e f -  
f i c i e n c y  ( r a t i o  of arno.unt e x p e l l e d  t o  t h e  amount s t o r e d )  was determined. 

The tes t s  were run  using d i f f e r e n t  o r i f i c e  s i z e s  r e s u l t i n g  i n  t h e  curves 
shown i n  Figure 14. Of t h e  3.5 l i t e r s  i n  t h e  b l a d d e r ,  3.469 l i t e r s  were ex- 
p e l l e d  g i v i n g  an expuls ion  e f f i c i e n c y  of more than  99%. 
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SHIPPING 

The a b i l i t y  t o  s h i p  t h e  loaded c a n i s t e r  from t h e  chemical s u p p l i e r  
t o  t h e  t es t  s i t e  was one of t h e  prime des ign  o b j e c t i v e s .  The Bureau of 
Explos ives  i n  New York supp l i ed  us wi th  t h e  p e r t i n e n t  requirements and 
procedures ,  a s  se t  f o r t h  i n  I C C  r e g u l a t i o n  7 3.134. The p re l imina ry  d e s i g n  
layout  was made us ing  t h e  I C C  requirements a s  one of  t he  des ign  parameters. 
Th i s  layout  was submitted t o  t h e  Bureau of Explos ives  and the  c a n i s t e r  
des ign  was qu ick ly  approved a s  a sh ipping  c o n t a i n e r  f o r  TMA wi th  no modi f i -  
c a t i o n s .  GCA Corpora t ion  and Texas Alky l s ,  j o i n t l y ,  were i ssued  I C C  permi t  
No. BA-464 f o r  t h e  shipment of TMA i n  t h e  GCA Corporation-designed c a n i s t e r  
by e i t h e r  r a i l  o r  motor f r e i g h t .  P re sen t  r e g u l a t i o n s  l i m i t  t h e  q u a n t i t y  
of aluminum a l k y l s  t h a t  can  be shipped by Railway Express i n  one package 
a t  two ounces and none a t  a l l  by a i r .  The Railway Express r e g u l a t i o n  i s  
due t o  be changed w i t h i n  t h e  next 3 t o  4 months and w i l l  a l low up t o  70 
pounds p e r  package t o  be c a r r i e d  i n  approved c o n t a i n e r s .  

ASSEMBLY PROCEDURE AND SAFETY 

The same p r e c a u t i o n s  requi red  f o r  hand l ing  sodium v a p o r i z e r  c a n i s t e r s  
apply  t o  TMA c a n i s t e r s .  One a d d i t i o n a l  requirement i s  t h a t  personnel  
performing t h e  assembly and arming o p e r a t i o n  must wear approved p r o t e c t i v e  
c l o t h i n g  designed f o r  use by personnel handl ing  aluminum a lky l s .  The 
c l o t h i n g  used  by GCA Corpora t ion  personnel  was purchased from Mine S a f e t y  
Appliances Co. It i s  made of rubberized f i b e r g l a s s  coated wi th  aluminum. 
The back of t h e  s u i t ,  i nc lud ing  the l e g s ,  a r e  s p l i t .  The s u i t  i s  he ld  on 
t h e  wearer by sewn-in s p r i n g  hoops which e n c i r c l e  t h e  neck, h i p s ,  and legs .  
T h i s  des ign  permi ts  t h e  wearer t o  remove t h e  s u i t  i n  a few seconds,  i f  
necessary .  F igure  15 shows t h e  p r o t e c t i v e  s u i t .  This  form of p r o t e c t i o n  
i s  necessa ry  s i n c e  t h e  r e a c t i o n  of aluminum a l k y l s  wi th  l i v i n g  t i s s u e  i s  
in s t an taneous  and ex t remely  d e s t r u c t i v e .  The i g n i t i o n  time when exposed 
t o  a i r  is about 11 msec and it  i s  ve ry  d i f f i c u l t  t o  ex t ingu i sh .  The flame 
tempera ture  i s  1800 C.  The use of t h e  aluminized s u i t  al lows t h e  wearer t o  
have t h e  few seconds necessary  t o  r e t r e a t  a s a f e  d i s t a n c e  and remove t h e  
s u i t  be fo re  i t  i s  burned through, It cannot be too  g r e a t l y  emphasized t h a t  
on ly  those  pe r sonne l  who a r e  thoroughly f a m i l i a r  w i th  t h e  o p e r a t i o n  should 
be allowed t o  work wi th  t h e  loaded c a n i s t e r .  

0 

The loaded c a n i s t e r  a s  received a t  t h e  t e s t  s i t e  does not c o n t a i n  t h e  
Eager-Pak p r e s s u r e  c y l i n d e r  o r  the exp los ive  va lve  t r i g g e r .  The fo l lowing  
assembly procedure h a s  been developed t o  p repa re  t h e  c a n i s t e r  f o r  i n s t a l l a -  
t i o n  on t h e  v e h i c l e :  

IMPORTANT: Do not perform any ope ra t ions  on t h e  loaded c a n i s t e r  
becoming completely f a m i l i a r  w i t h  t h e  procedures  and t h e  consequences 
any e r r o r s .  

be fo re  
of 
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Figure 15. Protective clothing. 
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Always wear t h e  approved p r o t e c t i v e  c l o t h i n g  and become adept  a t  
g e t t i n g  out  of t he  c l o t h i n g  quick ly  i n  a n  emergency. 

Always have an  a s s i s t a n t  (wearing p r o t e c t i v e  c l o t h i n g )  double-  
,checking the o p e r a t i o n  and s tanding  by i n  case  of emergency. 

(1) Remove sh ipp ing  cap inc luding  t h e  coup l ing  r i n g .  
( 2 )  Locate p r e s s u r e  va lve ,  the one c l o s e s t  t o  t h e  s h e l l  i n  t h e  

c a n i s t e r  cap. 
Do not touch t h e  f i l l  valve on the  r a i s e d  c e n t e r  p o r t i o n  of 

t h e  cap. Opening t h i s  va lve  w i l l  expose TMA t o  t h e  a i r  r e s u l t i n g  i n  
in s t an taneous  combustion. 

(3)  Check p r e s s u r e  va lve  with s p e c i a l  wrench t o  make s u r e  i t  i s  
c losed  (clockwise) ;  t hen  c a r e f u l l y  loosen knurled sh ipp ing  p lug  on top  
of valve and, i f  t h e r e  a r e  no s igns  o f  leakage,  remove knurled plug.  
Do not  l o se  t h e  p l a s t i c  washer u n d e r  t h e  p lug  a s  t h i s  i s  needed la te r .  

Using t h e  s p e c i a l  va lve  wrench, open 
t h e  p r e s s u r e  va lve  s l i g h t l y  (counterclockwise)  and be ready t o  r e a c t  
immediately should flames appear .  A s l i g h t  h i s s i n g  sound may be heard i f  
t h e r e  i s  a s l i g h t  d i f f e r e n t i a l  between t h e  p r e s s u r e  i n s i d e  t h e  c a n i s t e r  
and t h e  atmospheric  p r e s s u r e .  With t h e  va lve  open t h r e e  t u r n s ,  w a i t  two 
t o  t h r e e  minutes t o  make c e r t a i n  eve ry th ing  i s  s t a b l e ;  t hen  a t t a c h  t h e  
rubber  hose t o  t h e  va lve  us ing  t h e  p l a s t i c  washer t aken  from t h e  sh ipp ing  

( 4 )  Check f o r  b ladder  leakage.  

P lug  
(5) I n s t a l l  Eager-Pak c y l i n d e r  assembly and connect hose t o  f i t t i n g  

(6) I n s t a l l  coupl ing  r i n g .  
( 7 )  I n s t a l l  o r i f i c e  t o  be  flown. 
(8) I n s t a l l  exp los ive  va lve  t r i g g e r  and t i g h t e n  s e c u r e l y  t o  prevent  

(9)  Assemble t h e  c a n i s t e r  t o  t h e  res t  of the payload and then  t o  t h e  

on r e g u l a t o r .  Clamp hose t o  s h e l l  u s ing  clamps on hose.  

leakage a f t e r  va lve  i s  f i r e d  i n  f l i g h t .  

v e h i c l e  i n  the  normal manner. The payload i s  now ready f o r  arming and 
f l i g h t .  

REMEMBER t h a t  p r o t e c t i v e  c lo th ing  should s t i l l  be worn du r ing  a l l  
assembly and arming o p e r a t i o n s .  

CONCLUSIONS 

The performance of  t h e  c a n i s t e r  has  been proven by s u c c e s s f u l  
complet ion of environmental  and f l i g h t  t e s t s .  
p r o p e r t i e s  of TMA imposed s t r i n g e n t  des ign  c r i t e r i a  on the  c a n i s t e r  
development; however, t h e s e  c r i t e r i a  make i t  w e l l  s u i t e d  f o r  use wi th  o t h e r  
l i q u i d s  inc lud ing  pyrophoric ,  co r ros ive ,  and t o x i c  m a t e r i a l s .  The f l u i d  
c a p a c i t y  of t h e  system can be a l t e r e d  a t  minimum c o s t  by simply changing 
dimensions on e x i s t i n g  manufacturing drawings.  

The extremely '  dangerous 
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RECOMMENDATIONS 

Recommendations a r e  made f o r  f u t u r e  work t o  improve and f u r t h e r  
e v a l u a t e  t h e  TMA payload module. 

Conduct t he  fol lowing:  

(1) Storage Tests:  S t o r e  t h r e e  c a n i s t e r s ,  f i l l e d  wi th  TMA, f o r  a 

(2) S e a l s :  I n v e s t i g a t e  t h e  use of t e f l o n  s e a l s .  
(3) Expulsion T e s t s :  

per iod  of s i x  months. Examine and determine whether s u i t a b l e  f o r  f l i g h t .  

Perform a d d i t i o n a l  c a l i b r a t i v e  e x p u l s i o n  tes t s  
under vacuum condi t ions  t o  s imula te  f l i g h t  ambient environment. Tests . 
should be performed w i t h  t h e  Eager-Pak p r e s s u r e  b o t t l e  which i s  used i n  
f l i g h t .  

. 
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APPENDIX A 

Chemical data for TMA is given. These data were obtained from Texas 
Alkyls Company bulletin. Figure A-1 shows the anti-freeze property triethyl- 
aluminum (TEA); freezing point of the 75/25 mixture used is -40°F. 
ing point permits operational use at various launch sites. 

The freez- 

Effects of TMAITEA mixtures on various materials of construction are 
listed: 

Material Test Fluid* Duration of Test Comments 

Silicon Rubber A 

Silicon Rubber B 

Kel-F Impregnated A 
Glass Cloth 

Kel-F Impregnated B 
Glass Cloth 

1 day Sample disintegrated 
immediately 

1 day Sample disintegrated 
immediately 

7 days no change 

7 days no change 

Polyethylene Tubing A 7 days slight softening 

Leather Strap B 3 to 5 days no change 

-1. 

"Test Fluid "B" 75 wt. % TMA, 25 wt. % TEA 
"A" 88 wt. % TMA, 12 wt. % TEA 

Chemical properties of trimethylaluminum: 

Fo rmu 1 a 
Formula weight 72.09 

State and appearance at 25OC 

Stability: 

(q3 A1 

colorless liquid 

to air flames instantly 

to water, acids, halogens, reacts violently 
alcohols, amines 

Solubility miscible with saturated hydrocarbons 

Density, gm/ml at 20 C 0.752 

Freezing point, C 

0 

15 0 
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~PPECT OF TRXETHILALUYINUM ON PREEPNG POINT OP l'BIMETIiTULUXXMUN~ 
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Figure A - 1 .  Effect of TEA on f r e e z i n g  point of TMA. 
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Chemical properties of Trimethylaluminum: (continued) 

0 
Vapor pressure data: Temp. C Press. mm Hg 

125-126 7 60 

100 3 32 

60 68.5 

20 8 .4  

Head of Combustion K cal/gal 10.5 (net) 
Refractive Index n 

Heat of formation K cal/mole 9.8 

Derivation: By sodium reduction dimethyaluminum chloride 

Use (Commercial): catalyst for olefin polymerization; pyrophoric fuel, 

1.432 20 
D 

manufacture of straight-chain primary alcohols and 
olefins. 

Shipping Regulations : Flammable liquid. Red Label? 

To obtain I C C  data relative to packaging, shipping, etc., write to: 

Bureau of Explosives 
6 3  Vesey Street 
New York 7, New York 

~~ * Indicates "hazardous or dangerous material." 
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